areas of loss in the younger patient with no evidence of peripheral vascular disease and with normal joint mobility (Saad 1970) . Millard (1969) described a useful modification of this flap which he called the 'crane flap'. Here a cross-leg flap is applied in the usual way, but after one week the skin is lifted with the underlying dermal fat, leaving behind the rest of the subcutaneous fat, perhaps 0.5 cm thick, covering the denuded bone. This will have picked up a blood supply and after a further 5-6 days will take a split-skin graft. By using this modification not only is the period of immobilization shortened but the scarring on the opposite leg is reduced. I do not favour a cross-leg flap as a primary procedure at the time of injury. In the ensuing days the limb swells so considerably that the flap may no longer be large enough. At the same time it is attached to traumatized skin and the result of failure is disastrous.
The site of a graft which has failed to 'take' over bone may granulate and take secondary grafts, but if cortical bone is exposed an infected fracture becomes established with overlying skin loss. Flap cover is the only permanent solution, but infection will persist in the presence of dead bone. Surgical sequestrectomy may damage bone still further and to await natural separation takes many months. The fracture will be unstable though not necessarily painful and the instability encourages infection and imperils skin transfer. Bone surgery must be planned so that any bone left exposed at the end of the operation is immediately and completely covered by a pedicle flap. Many fractures which are apparently heading towards nonunion unite once they are covered by skin and subcutaneous tissue with an adequate blood supply. In the case of scarred skin overlying ununited fractures, orthopedic fixation, or bone grafting, cannot be carried out until the scarring has been replaced by a pedicle flap. If bone surgery is later carried out, this flap must be respected, the incision for exposure being made around one of its margins, not through the centre, and the flap lifted in continuity with the underlying periosteum.
Other methods of achieving full skin cover include the tube pedicle, where a cross-legged flap is impossible, but this requires staged procedures for which the patient's full co-operation is essential. A young adult may be prepared to give up perhaps eighteen months of his life to achieve a stable, mobile, painless leg, but in middle age, where the family depends upon the wage-earner for its livelihood, amputation below the knee may be preferable.
In conclusion, I believe that it is the initial care of the wound in these cases which may save many months of disability and hospitalization. Delayed primary suture is not only a safe but also a successful method of healing soft tissue injury, and I am advocating its use far more frequently in the complicated injuries of civil life.
Mr R L G Dawson (Mount Vernon Hospital, Northwood, Middlesex, HA6 2RN)
Complications of the Cross-leg Flap Operation' (Presidential Address)
The cross-leg flap operation, although an invaluable procedure in the repertoire of operations used for repair of the lower limb, is not without many potential complications. The operator is always working just on the limit of viability, and even minor errors, which in most operative procedures can be remedied or allowed for, sometimes result in a disastrous loss of tissue, leaving exposed the very broken bones or open joint which the flap was planned to cover. MATERIAL For the purpose of this paper 99 cases of the cross-leg flap operation have been reviewed. These were performed by a number of plastic surgeons, consultants and trainees at the Mount Vernon Centre for Plastic Surgery between 1952 and 1970.
Sex incidence: The sex preponderance was 96 male to 3 female, indicating the preference for other procedures in females, such as abdominal tubes, to avoid severe marking of the donor calf. Only in real emergencies was the opposite calf used in females.
Age: The average age was 25 years; the oldest patient was 62 and the youngest 2j.
Initial injury: Analysis of the initial injuries for which these flaps were used showed a preponderance of lower leg trauma, with 37 cases of compound fracture of the tibia and fibula, 26 cases with unstable and adherent scarring, and 10 cases of compound ankle-joint injuries with severe skin loss. 'Read in absentia by Mr F F Stranc Section of Plastic Surgery Base of the flaps: The flaps were based on the medial side of the calf in 81 cases and on the lateral side in 15 cases, and were distally based in 3.
Delay: Primary delay was performed in 9 cases in medially based flaps, and 3 each in laterally and distally based flaps. Secondary delay, a week before detachment, was performed in 5 medially based cases and in one laterally based case. Reversed delay, i.e. extension of the flap on the donor leg, ultimately to wrap further round the receiving leg, was performed in 8 cases.
Adjustment offixation: In the great majority of cases plaster of paris fixation was applied with extensive felt padding over the pressure points, at the end of operation. In one case Matthews' flanges were used with preformed leg plasters, and the 'box' fixation favoured in Bristol was used for 2 later cases. I have always maintained that more time is spent adjusting these plaster fixations than at operation. Eighteen cases are recorded as needing adjustment, but that is probably too conservative a figure. Nine of these were adjusted for pressure on prominent points, on nerves, or on arteries. In 6 the fixation slipped, and in 3 the plaster had softened dangerously.
GENERAL COMPLICATIONS
These occurred in 6 cases: pulmonary embolus and deep vein thrombosis unsuitable for anticoagulant therapy, appendicitis, hiematemesis, chickenpox, pyelitis and mumps, the last complicated by the necessity to perform an emergency tracheostomy for almost fatal pulmonary cedema.
LOCAL COMPLICATIONS
(1) Flap Necrosis This occurred to a greater or lesser extent in 40 cases. Of these, 21 showed minimal edge necrosis with delayed healing, but the loss was not great enough to warrant even a free skin graft. It is, however, evident that the limit of viability is reached in this procedure. The cause of the necrosis can be (1) trouble associated with the donor leg, (2) trouble associated with the receiving leg, or (3) trouble at the time of detachment. The necrosis occurred most commonly as a result of thrombosis in the venous drainage system of the flap, and only rarely as a result of poor arterial input.
(a) Troubles associated with the donor leg: The medially based flap must be raised in a proper dimension of at least 1 x 1 in. (2.5 x 2.5 cm). It must not be longer than it is wide. The proximal end of the internal saphenous vein should not be ligated, otherwise venous congestion and sub-sequent thrombosis may occur. If the vein has to be ligated the flap must be delayed. Out of 9 medially based flaps that were delayed, 6 showed marginal necrosis at the inset.
Laterally and distally based flaps should be delayed. The arterial supply is much poorer in these situations. However, it is interesting that, of 18 cases laterally and distally based, only 6 received a primary delay and 4 of these suffered minor necrosis. The remaining 12, which did not have a primary delay, produced 5 cases ofnecrosis, one with total failure. The attempt to suture the flap back to its original position at the time of primary delay, when the skin has retracted so much, puts a dangerous tension on the flap, and it is probably wiser to leave two dermal bridges at the distal end so that retraction is less extensive.
Necrosis may result from kinking at the base, instead of an even sweep from the donor to receiving leg, or from 'shearing', resulting in too much tension at one end of the flap base through movement of one plastered leg in relation to the other. The recorded need to adjust the plaster fixation relates to the incidence of necrosis. Of the 18 cases needing fixation adjustment, 10 showed evidence of flap necrosis. The operator must hold the limb in the exact position he requires until the plaster, applied by his assistants, hardens off. It is very important not to sling these patients' limbs up to a Balkan beam with canvas supports until the next day, when the plaster has completely hardened. In one case too early slinging resulted in compression of the popliteal artery with total loss of the flap, avascular necrosis of the anterior tibial muscles and part of the posterior tibial group, and total anesthesia of the foot, all these lesions being on the previously good leg. There was no demonstrable relationship between age and necrosis in this group.
Finally, where there is much subcutaneous fat, unless the flap edge is chamfered down, the sutures pull over the top of the fat pad, which in itself will produce too much marginal tension and therefore marginal death of the flap.
(b) Troubles associated with the receiving leg:
Hematoma is the commonest cause of necrosis in this group, and adequate drainage must be provided and postoperative inspection carried out frequently during the first 48 hours. Only 3 of the 99 cases needed operative evacuation and resuture, and none actually suffered flap necrosis.
Large hiematoma formation results from inadequate hiemostasis and proximal compression, principally from bandaging of the thigh donor area.
The flap that goes 'over the crest', to cover part of the defect lying on the lateral side of either the tibia or the foot and ankle, is subject to increased risk of venous congestion and thrombosis, and the proper drainage of such flaps must be ensured by positioning the patient.
Also in this group is the rare patient, usually much older than most., wlho has a poor arterial supply to the receiving leg. However good the flap, it will not survive because the arterial input from the receiving leg is inadequate. and at the time of division the flap dies. Therefore adequate preoperative assessment must be made of the vascular supply of the receiving limb.
(c) Trouble at the time of detachment: This is usually carried out three weeks after the inset unless a delay or reversed delay is made, postponing detachment for anothet week. Necrosis occurred at the final inset in 8 cases. If the primary inset of the flap is less than 75 % a delay should be performed. Where necrosis has occurred at the primary inset there is greater liability to necrosis at the final inset. A common cause of marginal necrosis at the final inset is, again, stretching the flap skin over too much subcutaneous fat. The fat at the inset flap edge must, therefore, be bevelled off before suture, and this inset edge must always be drained.
(2) Infection Obvious infection of the flap occurred in 28 cases, of which 1 could be directly attributed to the presence at some time of infected bone and infected screw-holes from previous plating. Four cases where granulations were still present at the time of the cross-leg flap operation became grossly infected, whereas 5 cases became infected where no previous infection existed, indicating a lack of sterile precautions postoperatively. The organisms isolated were Staphylococcus aureus, Streptococcus hamolyticus, Pseudomonas pyocyanea, proteus and coliforms. The incidence of infection can be reduced by obtaining a dry clean bed upon which to place the cross-leg flap, by the removal of all dead and infected bone, and by lining the cavity so produced with split-skin grafts. These grafts must obviously be totally removed at the time of the flap operation. The avoidance of dead space by packing and suction drainage prevents the formation ofsmall hwmatomas which often get infected.
Flaps should not be placed over granulations as a routine unless a necessary risk has to be taken in order to save tendons or joints. The bridges beneath the flap base must be covered either by the return flap or by free skin grafts. It is very prone to infection.
The infected flaps were treated with appropriate systemic antibiotics and by the local application of 12.5 % sodium sulphate solution. Actual abscess formation needing surgical evacuation only occurred months and years after the flap operations, and was associated with chronically infected screw-holes and bone sequestra, although direct trauma to the flap with subsequent hiematoma also resulted in abscess formation unassociated with bone infection.
Infection of the donor area of the flap occurred infrequently, and the only permanent complication was where the deep fascia had been taken in part with the flap. The free grafts were then put on to the calf muscle, and these areas often broke down because of the shearing strain on the grafts every time the ankle moved.
(3) Pressure Areas Pressure areas are the heels and the tendo achillis just above, both malleoli, the sides of the feet, the head and neck of the fibula, and the lateral hamstrings. Pressure in any of these areas should not be allowed to occur. Liberal padding at the time of fixation does much to avoid the trouble, but if the patient subsequently complains of pain over a certain pressure point an inspection window must be cut and any pressure relieved. It is no good waiting for an hour or two to see if the pain wears off; it certainly will, because the area will have become anisthetic and be well on the way to a full pressure necrosis.
Eight sores were found in the ankle area, 5 on the sides of the foot, one over the lateral hamstring tendon, one on the anterior shin and one on the patellar ligament. There was no association with patients' ages, except that one elderly man with arterial insufficiency of the receiving leg developed 3 pressure sores on the foot of this leg.
I know of only one case, before the beginning of this series, in which the flap procedure had to be reversed at the division stage and a cross-thigh flap performed to remedy exposure of the os calcis on the good side. This catastrophe happened to a boy aged 9 who had not complained of pressure pain.
(4) Nerve Lesions The lateral popliteal nerve is very vulnerable to pressure injury as it curls round the hamstrings and then round the neck of the fibula. Extensive padding must therefore be laid on these points before plaster fixation, and the patient must be woken and asked to raise his big toes at regular intervals, particularly during the first two days. A proper preoperative examination will determine whether there has been previous nerve injury, which is often found in association with compound fractures of the lower leg.
Eight cases of lateral popliteal nerve involvement directly due to the plastering were encountered, 3 on the injured side and 5 on the donor side. Only one of these became permanent.
Section ofPlastic Surgery
The posterior tibial nerve: One patient developed full anesthesia and intrinsic foot muscle paralysis following pressure in the centre of the calf by the knee of the donor leg. He was in the full cross-leg flap position, with the flap on the lateral side of the donor leg. His receiving leg slipped over to the central position, with the patella pressing into the calf for 24 hours. When last seen before he left this country, a year after operation, he still had intrinsic paralysis and wasting but had developed paresthesix in the foot.
Combined posterior tibial and lateral popliteal nerve lesions: The oniy case was a man who had pressure in the popliteal fossa from a softened plaster. Besides the loss of the anterior and part of the posterior muscles, both nerves were affected. The posterior tibial nerve recovered after a year, but the lateral popliteal nerve was permanently and completely affected.
CONCLUSION
To avoid these frequent complications cases must be selected with care. One should avoid elderly patients with poor arterial circulation<and note previous palsies; avoid, if possible, operating in the presence of infection; and get a dry uninfected bed for the flap. One must plan the flap carefully, delay where necessary, avoid suturing under any tension, and maintain the optimal position oneself until the plaster has set. Postoperatively, conscious reports from the patient are essential and frequent checks must be made on pressure points, toe function sensation and flap appearance.
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